Dust phenomenon is one of the biggest environmental problems in arid and semiarid regions. In these areas, lakes and wetlands are natural dust traps and core sampling method can be an appropriate way to assess the phenomenon of the dust. Therefore, the purpose of this study is the study of frequency and characteristics of dust sediments in core samples from Hashilan wetlands, Kermanshah. Four intact core samples were taken from different parts of the Hashilan wetland in Kermanshah. Physical, chemical and micromorphological analysis were done. Also clay mineralogy was performed using X-ray analysis (XRD) and shape of particles was photographed by scanning electron microscope (SEM). Considering that four samples had been taken from different parts of the wetland, the quantitative differences in dust amount are likely due to the location of the samples. The results of XRD and thin sections show that the dominant mineralogical composition of dust particles was clay minerals, quartz and calcite. SEM results for core sample 1 revealed that most particles had the size between 2 to 50 mm which ranged from fine silt to coarse silt. Considering the similarities between SEM images for core sample 1 and those from Kermanshah dust measurement station, it could be said that fine rounded particles detected at top 30 cm of core samples had Aeolian origin. These findings were in accordance with the results from dust measurement and weather station of Kermanshah about increased dust activities in the study area over past 10 years.
Introduction
Dust phenomenon is one of the biggest environmental problems in many parts of the world. It is composed of fine grain particles and is mostly common in arid and semiarid regions due to lack of rainfall and low vegetation cover [1] . Every year between 0.5 to 5 billion tons of fine particles are being carried from their original source to different parts of the world by dust storms [2] , 75% of which are deposited on lands and 30% in oceans [3] .
Two third of Iran are located in arid and semi-aridzones and with the rainfall half the annual average of the world, this country is exposed to local and regional dust phenomenon [4] . Several sources of dust have been recognized and studied in Asia e.g. [5] - [9] . Iran is surrounded by some of the biggest dust generating areas in the world, e.g. Iraq and Syria deserts in west, Saudi Arabia in south and southeast and Aral Lake in north [10] . Tigris and Euphrates watershed near western provinces of Iran are the origin of the strong dust storms which happen during spring and summer times and are probably accelerated by those from Saudi Arabia [11] . Resulting dust particles can cover a wide area, from Iran to Indian Ocean [12] . Several methods of dust measurement have been developed worldwide and an outstanding review on dust modelling and monitoring is summarized by [3] .
Among all methods of dust studies, core samples from lacustrine sediments have also been used successfully to study the windblown particles deposited in underlay sediments of lakes. This method can be used in study and recognition of dust with regional or local origins [13] - [19] . Although there have been several studies on Aeolian particles, their origin, mineralogy etc. in Iran [20] - [22] , core sampling method hasn't been used in Iran to study the origin and characteristics of dust. Therefore, the aim of this study is to use core samples from Hashilan Wetland in Kermanshah province to study the origin, characteristics and frequency of dust particles deposited in undelay sediments of the wetland.
Materials and Methods

Study Area
The study area is located in Hashilan wetland, 36 km to the Northeast of Kermanshah Province, Iran. It is between 46˚15'54"E and 34˚34' to 34˚34'N with an area of 450 ha (Figure 1 ). Its elevation from sea level is 1310 m and the mean annual rainfall is 451 mm. Wind blows from different directions throughout the year. Geologically, Hashilan wetland belongs to Terias-Jorasic and lithologically is composed of dense fossil licious carbonates. 
Sampling
The location, depth of water in sampling point and also the length of core samples are presented in Table 1 . Samples were taken from underlay sediments of Hashilan wetland in 4 different locations using 5 inch in diameter polyethylene tubes (Figure 2 ).
Analysis
After removing the polyethylene tubes, each core sample was divided to 10 cm sections and were dried in 50˚C for one week. Soil texture (pipet method), organic carbon (%) (Walkly and black method), TNV, pH and EC (1:2.5 soil to water suspension) were measured in the laboratory. Mineralogical analyses on oriented samples were also done using an X-ray diffraction instrument.
In order to study the micromorphological properties of samples, 16 thin sections from 4 core samples (4 from each core sample) were prepared and analysed in PPL and XPL lights using polarized microscope and described using Stoops (2003) handbook.
To compare the Aeolian particles trapped in sediments of core samples from Hashilan wetland with samples from dust measurement station of Kermanshah, scanning electron microscope (SEM) analysis of sample 1 were done using SEM device model Philips XL30.
Results and Discussion
Physicochemical Properties of Core Samples
Summary of physicochemical properties of core samples are presented in Table 2 . In core sample 1, texture changes from silty clay in the top 50 cm to clay in the depth 50 -70 cm. Mean geometric diameter of grain size (dg) analysis revealed that fine silt is the prominent particle size in sample 1. CaCO 3 content remained almost constant through top 30 cm but showed a significant and sudden decrease in part 1-5 (depth 40 -50). Here, in part 1-5 soil organic carbon also showed a distinct increase in comparison to the previous layer (from 0.52% to 4.29%), giving us the idea that sedimentation processes have changed significantly between these two parts and a sedimentation discontinuity has occurred in depth 30 cm of core sample 1 ( Table 2 , profile 1).
In core sample 2, texture was very fine and clayey in top 20 cm and unlike other 3 core samples, CaCO 3 content increased from upper layers to the bottom of the sample. In core sample 3, texture was silty clay through whole sample and CaCO 3 and O.C decreased from top of the sample to the bottom ( Table 2 ). In core sample 4, E. Namdadi et al.
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texture was clay loam through top 30 cm and sandy clay loam in the rest of the sample. Through the entire core samples, EC and pH values were relatively similar and no significant differences were observed. But, the percentage of CaCO 3 and O.C varied at different parts of the samples and also among different core samples. This can be due to the variation in vegetation cover in different parts of the Hashilan Wetland and also the distance from the Karstic springs.
In core sample 1, part 1, different minerals were detected and those with fine silt size were more common. Quartz and calcite were the dominant minerals (Figure 2 and Table 3 ). The size of Calcite minerals were between 5 to 95 micrometer and considering their shape, they could have both alluvial and Aeolian sources. Quartz minerals were mostly in fine silt size and had rounded shape which could raise the possibility of their Aeolian source rather than being alluvial. Taking into account the roundness of some of the quartz minerals and fine size of the most observed minerals in core sample 1, it seems that minerals beside having alluvial source, could also have extra-regional origin, meaning that they are being carried to the study area by wind and trapped in Hashilan Wetland (Costantini et al., 2009; Hojati et al., 2012) . Results of thin section studies in different parts of the core sample 1 showed that a variety of particles with different size, shape and mineralogy were observed. These particles had very fine grain size; they were rounded and mineralogically un-differentiable. These particles were more common in parts 1-2 and 1-3.
The SEM images from fine-grained particles of core sample 1 were compared to those from dust samples of Kermanshah dust measurement station. Results showed that both particles from core sample 1 and Kermanshah dust measurement station were similar in their size and shape. The significant variation in course to fine ratio (c/f) of thin sections from top of the core sample to the bottom ( Table 3 ), showed that sedimentation environment and processes might have changed through time, which could be due to the addition of windblown dust to the Hashilan Wetland undelay sediments. According to thin section studies, Aeolian sediments had the lowest amount in parts 1-5 and 1-7 and most of the fine grain sediments observed in these two parts were clayey with alluvial origin (Figure 3) . XRD analysis showed that quartz, clay minerals and calcite were the prominent minerals in different parts of the core sample1, which means that particles with 20 -30 micrometer size (fine to coarse silt) are common in the sample especially at the top 30 cm of the core sample. This could be due to the increased amount of Aeolian dust which has entered from West and Southwest of Iran during past few years.
Micromorphological Analysis of Core Sample 2
In the core sample 2, part 2-1 (0 -10 cm) had higher c/f ratio in comparison to core sample 1 and also the rest of the core sample 2 ( Table 3) . This has happened due to the abundance of pores related to plants roots (Figure 4 ) resulting in movement of fine alluvial and Aeolian sediments downward and their concentration in the lower parts, where the sediments are more condensed. In different parts of the core sample 2, due to the existence of coarse organic residues, sediments with Aeolian origin are more easily detectable than core sample1 but in lesser amounts. Through top 30 cm, fine, rounded, windblown sediments superimposed of organic tissues were observed clearly although they weren't mineralogically recognizable (Figure 4(a) ). Through top 30 cm of core sample 2, organic residues in early stages of decomposition were observed. As Aeolian particles were overlying these almost newly deposited organic remnants, it could be concluded that windblown fine grain particles are related to recently increased dust activities in the Hashilan Wetland watershed. Results of mineralogical analysis of the core sample 2 showed that clay minerals were prominent in the sample.
Micromorphological Analysis of Core Sample 3
Thin section studies of core sample 3 showed that upper 10 cm had a high c/f ratio compared to the depth 10 -30 cm. considering the porosity of 50% -60% of part 3-1, it seems that a big part of the deposited fine sediments have been moved to the lower depths through pores system. Mineralogical analysis revealed that clay minerals were the common ones in the whole of the core sample and quartz minerals were rarely seen in the fine fraction. In the other words, minerals with the fine silt size (5 micrometer) were dominant in the micromass.
According to the results, particles with Aeolian origin were more common in the core sample 3 than other three samples (Figure 5(b) to Figure 5(f) ). This could be related to the location of the sample 3. It was placed in the part of the Hashilan Wetland where the vegetation cover was lower than the other parts of the wetland ( Table 2) . Therefore, dust particles could easily be penetrated and deposited on the underlay sediments, resulting in increased amounts of fine grained sediments in the core sample 3. In other words, the lesser the organic matter content, the higher the amount of Aeolian sediments in the core sample. Like other three core samples, there wasn't a significant difference in the composition and type of the particles in various parts of the sample.
Micromorphological Analysis of Core Sample 4
In the core sample 4, texture varied from clay loam in the upper layers to sandy clay loam and loam in the lower parts ( Table 2 ). c/f ratio didn't vary significantly through whole of the core sample 4 and its coincidence with high dg ( Table 2 ), proved that Aeolian fine grain particles in this sample aren't as common as they are in the other core samples. Considering the amount of organic matter in the sample, it could be said that increased amount of vegetation cover in sampling location has resulted in reduced amounts of Aeolian sediments, due to the restriction of plants in dust deposition to the underlay sediments in lakes and wetlands.
In part 4-3, coarse organic fibers and filaments were clearly observable (Figure 6(c) ). Medium to fine grain quartz had the highest concentration in layer 4-1 (Figure 6(a) ). Considering their different shape and size, it is possible that they have both alluvial and Aeolian origin (Evans et al., 2004) . Particles with Aeolian origin had the lowest amount in comparison to other core samples. According to X-ray analysis, minerals didn't have significant variation in type or composition through different parts of the sample. Thin section studies revealed that organic residues with high degrees of decomposition were common in depth 30 -70 cm which shows that there were wetter periods with higher vegetation cover in the past climate of the study area.
X-Ray Analysis of Core Sample 1
X-ray analysis of core sample1 showed that the dominant minerals in the coarse fraction were quartz and calcite; and chlorite, albite, mica-Illite and Pyrophyllite were the common ones in the fine fraction of the top 30 cm of the sample. In Mg-saturated treatment, 14.2, 7 and 3.5 angstrom picks were observed and these picks also remained in heated-K and Mg-glycerol treatments, proving the chlorite existence in the sample (Figure 7) . The presence of 3.3 angstrom pick in Mg, Mg-glycerol and heated K treatments, confirmed the existence of quartz minerals. Also appearance of 10, 5 and 3.3 angstrom picks in Mg-treatment and their remains in heated-K and Mg-glycerol treatments proved that Illite minerals also exist in the sample. 9 angstrom pick in Mg, Mg-glycerol and heated K was related to Pylophillite minerals.
These results were in accordance with the X-ray analysis of Kermanshah Dust samples which revealed that quartz and calcite were the common minerals in dust samples. 
SEM Analysis of Core Sample 1
SEM images of core sample 1 and dust samples from Kermanshah dust measurement station were compared considering the type, size and mineralogy of Aeolian particles. Particles with round, irregular, crystalline and cylindrical shapes were observed in both samples, but they were clearer in core sample 1 (Figure 8) . These shapes were the representative of clay minerals, quartz and calcite in the samples [23] .
Round particles with 5 micrometer size were clay minerals and formed clustered shape in some of the images (Figure 8) . Individual, round or irregular Particles with 10 -20 micrometer size were assumed to be quartz and those with crystalline shape were detected as calcite. These minerals had the same size and shape in both core sample1 and dust samples from Kermanshah. Therefore it could be said that fine, rounded particles with 10 -20 micrometer at top 30 cm of core sample 1 could also have the same Aeolian origin as Kermanshah dust samples. As mineralogical and micromorphological studies of other core samples revealed that quartz and calcite particles with 10 -20 micrometer size were dominant at top 30 cm of samples, it could be concluded that these fine particles in all of the core samples have also Aeolian origin. It should be mentioned that filaments seen in Kermanshah Dust sample images are related to dust trap filters strings (Figure 7(b) and Figure 7(d) ).
These findings are in accordance with results from dust mineralogy in Riyadh which showed that quartz and calcite were the dominant minerals in dust samples [24] . Chemical and mineralogical studies of dust in west and southwestern Iran by [25] also revealed that calcite and quartz were common minerals in dust samples. In Figure 10 , number of days in which dust storms has occurred during past 15 years are shown. According to the figure, number of days with dust storms has suddenly increased between 2007 and 2009 and has remained so afterwards.
Kermanshah Dust Measurement Station
According to these results, dust storms in Kermanshah have increased during past years. These results are in accordance with the findings from core sample analysis which showed that fine Aeolian particles are more common in upper layers of samples. Existence of these particles on organic tissues in early stages of decomposition proved that these Aeolian particles are very recently deposited. 
Conclusions
Core samples 1, 2, 3 and 4 had the highest volume of Aeolian sediments respectively. Considering the variation in amounts of windblown particles among four samples, it seemed that the location of the samples in Hashilan Wetland was a decisive factor on degree of penetration of dust particles into underlay sediments. Results showed that kind and type of dust particles didn't have significant variation among and through samples. Therefore, it could be concluded that deposited dust sediments had the same intra and extra origins during past years.
Thin section studies and SEM analysis revealed that grain size of most of the deposited dust particles at top 30 cm in almost all core samples was between 2 to 50 micrometres which was fine to coarse silt. According to mineralogical studies, clay minerals, quartz and calcite were the dominant minerals in core samples respectively.
In all four core samples, fine, rounded sediments with Aeolian origin were more common at top 30 cm than the deeper parts of the samples. Results also showed that nearly 30 to 40 percent of the thin sections at top 30 cm were occupied with non-organic minerals with alluvial or Aeolian origins. These findings were in accordance with the results from Kermanshah dust measurement station which had shown that entrance of dust from Iran's western neighbors had increased significantly during past 10 years. Therefore, as the identified sediments with Aeolian origin seemed to be uniform through all of the core samples, and their size, shape and mineralogical composition were in accordance with samples from dust traps in the area, it was worth saying that although water scarcity and desertification were real concerns in Iran, still dust particles with extra-regional origins were the main dust sources in the area.
